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Influenza A Viruses
• Influenza A viruses categorized by subtype 

• Classified according to two surface proteins

• Hemagglutinin (HA) – 16 known
– Site of attachment to host cells
– Antibody to HA is protective

• Neuraminidase (NA) – 9 known• Neuraminidase (NA) – 9 known
– Helps release virions from cells
– Antibody to NA can help modify disease severity
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Possible Pathways for Generation 
Pandemic Influenza Viruses
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�������� First Death Due to Novel 	�
� in 
Mexico (Identified Later)



�������� First Case of Novel 	�
� Virus 
Recognized in California



Host and lineage origins for the gene segments of 
the 2009 A(H1N1) virus (Garten, et al Science 2009)



A/Ohio/07/2009 H1N1
A/New York/18/2009 H1N1
A/California/05/2009 H1N1
A/Texas/04/2009 H1N1
A/Mexico/4108/2009 H1N1
A/California/04/2009 H1N1

A/Swine/Indiana/P12439/00 H1N2
A/swine/Guangxi/13/2006 H1N2

A/Wisconsin/10/1998 H1N1
A/Wisconsin/87/2005 H1N1

A/Swine/Ohio/891/01 H1N2
A/swine/Korea/PZ14/2006 H1N2

A/swine/Korea/CAS08/2005 H1N1
A/Iowa/CEID23/2005 H1N1

A/swine/Iowa/00239/2004 H1N1
A/swine/Memphis/1/1990 H1N1

A/swine/Ratchaburi/NIAH1481/2000 H1N1
A/Ohio/3559/1988 H1N1
A/swine/Indiana/1726/1988 H1N1

Phylogenetic Tree of Hemagglutinin H1: Swine vs. 
Seasonal Influenza Viruses

Swine H1

Novel H1N1 Outbreak
Human cases of swine H1
Seasonal H1

A/swine/Indiana/1726/1988 H1N1
A/Philippines/344/2004 H1N2

A/swine/Iowa/2/1985 H1N1
A/swine/Chonburi/05CB1/2005 H1N1

A/Thailand/271/2005 H1N1
A/swine/Ontario/4/1981 H1N1

A/New Jersey/8/1976 H1N1
A/swine/Wisconsin/2/1970 H1N1

A/swine/Wisconsin/1/1957 H1N1
A/swine/Iowa/15/1930 H1N1
A/swine/Jamesburg/1942 H1N1

A/Minnesota/01/2009 H1N1
A/Brisbane/59/2007 H1N1

A/Solomon Islands/03/2006 H1N1
A/New Caledonia/20/1999 H1N1

A/New York/630/1995 H1N1
A/USSR/90/77 H1N1

A/Memphis/16/1983 H1N1
A/Fort Worth/50 H1N1

A/Denver/57 H1N1
A/Weiss/43 H1N1
A/Puerto Rico/8/34 H1N1

A/South Carolina/1/18 H1N1

0.02

Seasonal H1

(Garten, et al Science 2009)



�������
 Mexican Cases of Severe Respiratory 
Illness are Confirmed as Novel 	�
�



�������� First Cases of the Novel Influenza 
A 	�
� Virus Recognized in Canada



�������� First Cases of the new Influenza A 
	�
� Virus Recognized Outside of North 

America



�������� WHO Raises Pandemic Alert 
Level to �������



�������� WHO Declares �������� Level 
of Pandemic Influenza Alert
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Epidemiology/Surveillance
Pandemic (H1N1) - 25 JUN 2009

U.S. WHO/NREVSS Collaborating Laboratories Summary,  2008-09
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Pathogenesis and Transmissibility of Swine-
Origin Influenza A(H1N1) Viruses in Ferrets
� Compared with seasonal A(H1N1) influenza, two 

novel H1N1 viruses caused
– Increased morbidity

– Replicated to higher titers in lung tissue

– Recovered from the intestinal tract of intranasally – Recovered from the intestinal tract of intranasally 
inoculated ferrets

� Results suggest higher virulence of novel H1N1 
compared to seasonal H1N1 in the ferret model

� Results suggested that additional adaptation to 
humans may occur; must monitor carefully
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Questions for This Workshop
� The role/effectiveness/acceptibility of 

vaccines and antivirals in reducing disease 
severity and social disruption?
– Facing the pandemic without vaccines
– Facing the pandemic with limited vaccines and antivirals
– Priorities for antiviral treatment and / or prophylaxis– Priorities for antiviral treatment and / or prophylaxis

� The role of non-pharmaceutical interventions?
– Closing schools and large public gatherings
– Border screening and quarantine

� The role of personal measures?
– Staying home when ill
– Respiratory hygiene and avoiding crowds
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